Abstract Despite the importance of coffee as a globally traded commodity and increasing concerns about risks associated with climate change, there is virtually no information about the effects of rising atmospheric [CO 2 ] on field-grown coffee trees. This study shows the results of the first 2 years of an innovative experiment. Two commercial coffee cultivars (Catuaí and Obatã) were grown using the first free-air CO 2 enrichment (FACE) facility in Latin America (ClimapestFACE). Plants of both cultivars maintained relatively high photosynthetic rates, water-use efficiency, increased growth and yield under elevated [CO 2 ]. Harvestable crop yields increased 14.6 % for Catuaí and 12.0 % for Obatã. Leaf N content was lower in Obatã (5.2 %) grown under elevated [CO 2 ] than under ambient [CO 2 ]; N content was unresponsive to elevated [CO 2 ] in Catuaí. Under elevated [CO 2 ] reduced incidence of leaf miners (Leucoptera coffeella) occurred on both coffee cultivars during periods of high infestation. The percentage of leaves with parasitized and predated mines increased when leaf miner infestation was high, but there was no effect of elevated [CO 2 ] on the incidence of natural enemies. The incidence of rust (Hemileia vastatrix) and Cercospora leaf spot (Cercospora coffeicola) was low during the trial, with maximum values of 5.8 and 1 %, respectively, and there Climatic Change (2015) 
Introduction
Globally, coffee is one of the most heavily traded commodities, with retail sales worldwide estimated at US$ 90 billion. Brazil is by far the world's largest coffee producer, followed by Vietnam, Indonesia and Colombia. International coffee trade involves more than 80 million people worldwide, considering its cultivation, processing, transportation and marketing (Santos et al. 2015) .
Atmospheric CO 2 concentration ([CO 2 ]) has increased about 40 % from pre-industrial levels, and global mean surface temperature has increased by 0.85°C over the same period. Projections suggest that atmospheric [CO 2 ] may exceed 936 μmol mol −1 (RCP 8.5 ) by the end of this century, global temperature will increase by 1.5-4.0°C relative to the average from 1850 to 1900 (IPCC 2013) . Crops respond directly to rising [CO 2 ] through photosynthesis and stomatal conductance (g s ), and this is the basis for the CO 2 fertilization effect on crop yield (Long et al. 2006) . In C3 plants, increasing atmospheric [CO 2 ] increases the diffusion of CO 2 from the atmosphere to the chloroplast that should increase net photosynthetic rates (A) and lower transpiration rates for a given g s (DaMatta et al. 2010) . This should improve the wateruse efficiency (WUE) of crop, reducing soil moisture depletion and ameliorating water stress during periods of drought. However, increases in A do not always translate into increases in biomass production and crop yield (Leakey et al. 2009 ). Coffee has low A values (typically in the range of 4-11 μmol m −2 s −1 with current atmospheric [CO 2 ] and saturating light) compared with many other tropical tree crops. However, modeled responses of A to chloroplastic [CO 2 ] suggest that photosynthetic capacity of coffee is greater than that of crops such as spinach and wheat (Martins et al. 2014a ). This suggests that low A values in coffee are largely a consequence of diffusive, rather than biochemical, limitations to photosynthesis (Batista et al. 2012) , particularly diffusional constraints at the stomatal level (Martins et al. 2014a) . Therefore, coffee trees have the potential to greatly increase their photosynthetic rates with increasing atmospheric [CO 2 ]. Indeed, Ramalho et al. (2013) studied potted coffee plants growing under different [CO 2 ] levels during 1 year and found greater A (ranging from 34 to 49 %) under elevated (700 μmol CO 2 mol −1
) than under normal (380 μmol CO 2 mol −1 ) [CO 2 ], with no apparent signs of photosynthetic downregulation. Whether this positive effect persists under field conditions and translates into a larger harvestable crop and less water use under free-air CO 2 enrichment (FACE) is still to be determined.
There has been increasing concern about how climate change will affect traditional coffee producing areas. Some modeling studies have estimated dramatic effects on the coffee crop, including severe yield losses in Mexico (Gay et al. 2006) , extensive reductions of suitable areas in Brazil (Zullo et al. 2011 ) and extinction of wild populations of arabica coffee in Ethiopia (Davis et al. 2012) . Additionally, favorable conditions for some important pests and diseases, such as coffee leaf miners, nematodes and rust in Brazil (Ghini et al. 2011 (Ghini et al. , 2012 , coffee berry borer in East Africa (Jaramillo et al. 2011 ) and coffee white stem borer in Zimbabwe (Kutywayo et al. 2013) , are expected to increase under climate change scenarios. These negative concerns have mostly been associated with predictions of rising temperatures and altered precipitation patterns under present and future climate change scenarios. Nevertheless, compensatory effects of increasing atmospheric [CO 2 ] on harmful effects of elevated temperatures and water scarcity have not been considered for coffee, particularly because there is virtually no information on the effects of [CO 2 ] on the growth, physiology, insect pests and pathogens of field-grown coffee trees.
Studies under controlled conditions might not reflect plant responses in the field, where countless interactions among environmental variables may occur. FACE facilities offer more realistic options for understanding how increased atmospheric [CO 2 ] can influence plant performance in terms of growth, yield and pest responses. In fact, improved performance of C3 species under elevated [CO 2 ] has been described in innumerous studies using FACE technology. These studies, however, have focused mostly on important agricultural crops and other intensively managed systems in temperate countries. In contrast, responses of crop species to elevated [CO 2 ] under field conditions in tropical countries have been virtually overlooked. In this study we describe the results of the first 2 years of an innovative and interdisciplinary experiment in which two commercial coffee cultivars were grown in the first FACE facility in Latin America to elucidate the field responses in terms of crop growth and yield, photosynthetic gas exchange and pest incidence.
Material and methods

Site description, FACE design and plant materials
The FACE facility (ClimapestFACE) is located at Embrapa Environment, in Jaguariúna (22°43′S, 47°01′W, 570 m above sea level), SP, Brazil. The soil at the experimental area is a typical dystroferric Red Latosol. The climate is humid subtropical, a Cfa type according to the Köppen classification, with hot rainy summers and cold dry winters. Mean daily temperature and precipitation were recorded during the experiment (Appendix 1).
FACE system was used to increase ambient [CO 2 ] in six 10-m diameter ring plots (elevated CO 2 ) located within a 7-ha coffee plantation. Six additional 10-m diameter ring plots under ambient [CO 2 ] were used as control plot. Elevated-and ambient-CO 2 plots were at least 70-m apart to minimize cross-plot contamination.
Increased levels of CO 2 were achieved on the plots using direct injection of pure CO 2 , using an octagonal arrangement of tubes, and wireless sensor network technology to keep the concentrations at prescribed levels. Environmental sensors (infrared gas analyzers, anemometers, sensors for air and soil temperature, humidity, solar radiation and precipitation) were adapted to ZigBee modules (Telegesis UK Limited Company, Bucks, UK). Each octagon segment had individual gas valves to compensate for the wind direction and a flow control device to compensate for wind speed changes. Each plot had a lead-acid battery associated with a photovoltaic panel to supply power for the instruments. Dedicated software for a personal computer was developed to record data and to control the system fumigation using a USB-to-ZigBee adapter interface. The novel aspect of the ClimapestFACE facility was the use of solar energy and wireless instrumentation to collect data and to control CO 2 injection. Because lightning is an important problem in tropical Brazil, instrumentation system had improved resistance to electromagnetic interference.
CO 2 was injected from two of the sections, the ones positioned on the windward side, when wind speeds ranged from 0.5 to 4.0 m s −1
. If wind blew on just one section, mostly at a right angle to it, then the control algorithm alternated the injection from the neighboring sections to the left and right in cycles lasting 5 s, while injecting continuously from the central section. 
Photosynthetic measurements
The net rate of carbon assimilation (A), stomatal conductance to water vapor (g s ) and internal CO 2 concentration (C i ) were measured in the youngest fully expanded leaves (the third or fourth leaf pair from the apex of the plagiotropic branches in the upper third of the plants) in the FACE system at ambient temperature and ambient [CO 2 ] and at 550 μmol mol −1
. The instantaneous leaf WUE (iWUE) was estimated by the A-to-g s ratio. All the measurements were made using three cross-calibrated infrared gas analyzers (LI-6400XT, Li-Cor, Lincoln, NE, USA), on clear-sky days during four time periods: 08:00-09:00 h, 10:00-11:00 h, 13:00-14:00 h and 16:00-17:00 h (solar time). To improve uniformity over the course of the day, measurements were conducted at the leaf level at an artificial photosynthetically active radiation (PAR) of 1000 μmol photons m
. This PAR intensity is sufficiently high to saturate the photosynthetic machinery without causing photoinhibition and approximated the ambient irradiance intercepted by the sampled leaves at their natural angles in most measurements. After the leaf tissue was clamped in the infrared gas analyzer leaf chamber, gas exchange rates usually stabilized within approximately 3 min. Measurements were carried out in February 2013 during the growing season and August 2013 during the period of reduced vegetative growth. The measurements were repeated using different plants within a given ring of the FACE. Without supplemental irrigation, the predawn xylem water potential measured with a Scholander chamber was above −0.1 MPa in both the February and August periods, suggesting that the gas exchange data were not constrained by water supply.
Leaf nitrogen content
The analysis of N content was performed on samples of 50 leaves of each cultivar, collected from each plot in January 2013, using sulfuric digestion and the semi-micro Kjeldahl titration method (Malavolta et al. 1997 ).
Plant growth and crop yield
Plant height was measured from the ground to the uppermost growing point. Stem diameter was measured 5-cm above the ground using a digital caliper. These plant growth traits were assessed on 20 plants of each cultivar per plot, and used to estimate monthly growth rates during October 2011 to September 2012 and from February 2013 to January 2014.
Coffee yield was evaluated by harvesting fruits from all plants in each plot. Fruits were harvested in July and August 2013 in Catuaí and Obatã plants, respectively, given that these cultivars have different maturity cycles. Other plants from the 7-ha field were also harvested so as not to affect future experiments.
Pests and diseases
Lesions from the leaf miner (Leucoptera coffeella), rust (Hemileia vastatrix) and Cercospora leaf spot (Cercospora coffeicola) were evaluated monthly in four branches per plant on 20 plants of each cultivar. The incidence was calculated as the percentage of lesioned leaves per branch.
The evaluation of natural enemies of the leaf miner was performed by observing Leucoptera coffeella mines in coffee leaves under a stereoscopic microscope in the laboratory. Four leaves per plant were sampled from 12 plants of each coffee cultivar per plot. Intact mines were excised from the leaves, placed in plastic boxes (11×11×3.5 cm) and maintained in climate chambers (25±1°C, 60±10 % RH, 12:12 h photoperiod) and examined for parasitoid emergence at 15, 30 and 45 days after sampling. The evaluation of predation was not performed during 2012 because plants were small; only one leaf with intact mines was collected per plant that year to evaluate parasitoids.
To analyze the fungal community on berries, gerboxes were filled with a thin layer of wateragar medium, and 25 frozen coffee berries were placed over the medium in each gerbox. One hundred berries were analyzed for each sample, which represented each repetition, collected in the elevated or ambient [CO 2 ]. The gerboxes were incubated for 5 days at 25°C under 12 h alternating cycles of light and darkness. Fungi growing over and adjacent to the berries were examined under a compound microscope and identified.
Statistical analysis
The experiment was designed as completely randomized blocks with six replicates per treatment (ambient and elevated [CO 2 ]), and the data were subjected to an analysis of variance. Most statistical tests were performed using Minitab release 14.20 statistical software. [CO 2 ] differences were tested using ANOVA, and differences were considered significant at p≤0.05. Leaf miner incidence was correlated with growth parameters (number of leaves and plagiotropic branches, plant height, and stem diameter) by performing a principal component analysis using Statistica 11 software.
Results
FACE instrumentation
The wireless instrumentation proved reliable for collecting data and controlling CO 2 injection in FACE replicates. The lag time between measures of [CO 2 ] and injects was mostly in the millisecond range. Failures to record data and injection control rarely occurred and increased with the higher signal attenuation caused by the crop growing in stature and canopy density. This minor problem was solved with the strategic addition of a few router nodes to the wireless sensor network.
Photosynthetic measurements
During the growing season, the A values were higher at elevated than ambient [CO 2 ] during two of the four time points in both cultivars. The g s values were unresponsive to [CO 2 ] in Catuaí; but these values at two time points were higher at ambient than at elevated [CO 2 ] in Obatã (Fig. 1) . Notably, integrated over the course of the day, there was an increase (40 % on average) in A in the plants treated with CO 2 , with no significant change in g s in either cultivar. ) [CO 2 ] on leaf gas exchange of two coffee cultivars (Catuaí and Obatã) growing in a FACE trial during the growing season (February): net CO 2 assimilation rate (A), stomatal conductance (g s ), internal-to-ambient CO 2 concentration ratio (C i /C a ) and wateruse efficiency (WUE). In the insets, mean diurnal values of A, g s , C i /C a ratio and WUE are shown. Different letters denote significant differences between cultivars at a given [CO 2 ], and asterisks represent significant difference for the CO 2 effect within each cultivar (F test, P<0.05). n=10±SE
The C i /C a ratio decreased significantly in both cultivars under elevated [CO 2 ] but only at 10:00-11:00 h. Integrated over the course of the day, a slight but significant decrease (6.5 %) in C i /C a was noted in Obatã; but in Catuaí, this ratio was unresponsive to the [CO 2 ]. Most important, the WUE was consistently higher (60 % on average) at elevated than at ambient [CO 2 ] regardless of the cultivar or time of day (Fig. 1) .
As expected, both A and g s values were much lower during the period of limited growth (winter) than during the growing season (Fig. 2) . In all measurements, both cultivars responded to the CO 2 fertilization by increasing their A values significantly, with little, if any, alteration in g s and the C i /C a ratio. The daily mean A values in winter averaged 56 % higher in the plants treated with CO 2 than in their untreated counterparts. In Obatã, both g s and C i /C a values integrated over the course of the day were lower under elevated CO 2 . In response ) [CO 2 ] on leaf gas exchange of two coffee cultivars (Catuaí and Obatã) growing in a FACE trial during the period of limited growth (August): net CO 2 assimilation rate (A), stomatal conductance (g s ), internal-to-ambient CO 2 concentration ratio (C i /C a ) and water-use efficiency (WUE). In the insets, mean diurnal values of A, g s , C i /C a ratio and WUE are shown. Different letters denote significant differences between cultivars at a given [CO 2 ], and asterisks represent significant difference for the CO 2 effect within each cultivar (F test, P<0.05). n=10±SE to the CO 2 levels, iWUE was significantly higher (62 % in Catuaí and 85 % in Obatã) in both cultivars during the winter (Fig. 2) .
Overall, daily integrated gas exchange was essentially similar in both cultivars during the growing season. In winter, A was higher in Obatã (irrespective of CO 2 fertilization) than in Catuaí; WUE was also higher in Obatã but only at elevated [CO 2 ] (Figs. 1 and 2 level (data not shown).
Leaf nitrogen content
Leaf N content ranged from 28.2 to 30.9 g kg −1 DW and was significantly lower in Obatã (5.2 %) grown under elevated than under ambient [CO 2 ]. N content was unresponsive to the CO 2 treatments in cv. Catuaí (Table 1) .
Plant growth and crop yield
No significant effect of [CO 2 ] on growth parameters was observed in the two coffee cultivars during the first year (October 2011 to September 2012) ( Table 1 ). In contrast, from February 2013 to January 2014, elevated [CO 2 ] caused significant increases in plant height in Catuaí (7.4 %) and Obatã (9.7 %) as well as in stem diameter, 9.5 % for Catuaí and 13.4 % for Obatã. Harvestable crop yields of both cultivars were higher under elevated [CO 2 ], 14.6 % (p=0.05) for Catuaí and 12.0 % (p=0.07) for Obatã.
Pests and diseases
The incidence of leaf miners during the first year of CO 2 application was below 10 % from September 2011 to September 2012 (Fig. 3) . During the second year, the incidence was higher than 30 %, and two peaks were observed regardless of cultivar. The first peak occurred between January and March 2013 and the second one between September and December 2013 (Fig. 3) . Elevated [CO 2 ] reduced the incidence of leaf miners for both coffee varieties during the second peak, i.e., the period of high incidence of the pest. Multivariate analysis of the number of leaves, plagiotropic branches, plant height, stem diameter and leaf miner incidence parameters addressed whole-plant responses to treatment with elevated or ambient [CO 2 ] (Fig. 4) . Data from the last measurement of all the parameters were considered for the principal component analysis, which coincided with a peak in leaf miner infestation in the plots. About 85 % of the total variability of the experiment was explained by the first two axes. The X axis was related to vegetative development, which was explained by the variables plant height, number of branches and stem diameter. The second major component, the Y axis, reflected plant health and was mainly explained by variability in pest levels. The number of leaves contributed to both axes.
The percentage of leaves with parasitized and predated mines increased during the period of high leaf miner infestation (Fig. 3) . The percentage of parasitized mines in Obatã plants was . Asterisks represent significant difference for the CO 2 effect within each cultivar (F test, P<0.05) higher than in Catuaí in July 2013. However, there was no effect of elevated [CO 2 ] on the incidence of these natural enemies (Fig. 3) . The incidence of rust and Cercospora leaf spot was low during the period, with maximum values of 5.8 and 1 %, respectively. There was no significant effect of [CO 2 ] treatments on disease incidence.
Irrespective of [CO 2 ] treatments, almost all of the coffee berries of both cultivars displayed yeast growth in their tegument (Table 2 ). Other fungi that were present in high quantities were Fusarium spp., followed by Cladosporium and Penicillium. Other fungi present in small amounts in the berries were Mucor, Aspergillus, Colletotrichum, Phoma and Cercospora coffeicola. Most importantly, there was no significant difference between the percentages of fungi present in the coffee grains collected in the elevated or ambient [CO 2 ] treatments. Cultivar Catuaí displayed a higher amount of Mucor than cv. Obatã, and opposite responses were observed for Penicillium spp. (Table 2) 
Discussion
The magnitude of the relative photosynthetic enhancement associated with CO 2 fertilization in the second year of the FACE trial was independent of elevated [CO 2 ]; this is indicated by the lack of significant difference in the A values between plants grown at ambient or elevated [CO 2 ] when measurements were performed at 390 or 550 μmol CO 2 mol −1
. Furthermore, C i / C a either was unaltered or decreased in response to elevated [CO 2 ], in parallel with increased A and unchanging or even decreased g s . This suggests that the mesophyll capacity to fix CO 2 was uncompromised by enhanced [CO 2 ]. These results suggest that photosynthetic downregulation is unlikely to have occurred under our experimental conditions. Notably, Ramalho et al. (2013) reported compelling evidence demonstrating lack of downregulation in response to elevated [CO 2 ] (700 μmol CO 2 mol −1 ) in three coffee cultivars grown in large pots in growth chambers for 1 year. Taken together, this information suggests that coffee can sustain relatively high photosynthetic rates under a scenario of increasing atmospheric [CO 2 ]. Overall, trees and shrubs such as coffee usually have higher photosynthetic rates at high [CO 2 ] than annual crops (Ainsworth and Long 2005; Ainsworth and Rogers 2007) because of their larger sink capacity (root-trunk system).
Under ambient [CO 2 ], coffee plant displays a well-known pattern of g s fluctuations, i.e., g s peaks in the early morning and decreases progressively throughout the day, reaching a minimum in the late afternoon (DaMatta et al. 2008; Batista et al. 2012) ; this pattern was unaltered by elevated [CO 2 ]. Although the g s values, integrated over the course of the day, could be decreased by elevated [CO 2 ] under winter conditions in Obatã, our daily averaged g s values were clearly unaffected by the treatments when gas exchange is at its maximum during the growing season (Silva et al. 2004) . Ramalho et al. (2013) observed that g s was also unaffected by the high [CO 2 ] treatment. Saldanha et al. (2013) were also unable to detect any changes in stomatal index and density and g s in somatic embryogenesis-derived coffee plantlets grown at 360 or 1000 μmol CO 2 mol −1
. Collectively, this information suggests that g s responds little, if at all, to [CO 2 ] fertilization in coffee. This statement contrasts with the general behavior of g s , which has been systematically reported to decrease under elevated [CO 2 ] in all functional groups. These decreases are often lower for woody than for herbaceous species (Ainsworth and Rogers 2007) . The apparent unresponsiveness of coffee's stomata to elevated [CO 2 ] may have important consequences for the maximization of CO 2 entry into leaves, particularly because the g s values in coffee are quite small typically ranging from 10 to 50 mmol H 2 O m −2 s −1 from midday onwards (DaMatta et al. 2008; Batista et al. 2012; Figs. 1 and 2) as a consequence of rising vapor pressure deficit. Indeed, stomatal limitations represent the major constraints to photosynthesis in coffee (Martins et al. 2014a (Ainsworth and Rogers 2007; Leakey et al. 2009 ) and in coffee plants (Ramalho et al. 2013) . The iWUE values were remarkably high compared with other tropical species (Nogueira et al. 2004) . Therefore, reduced soil water depletion per unit of biomass accumulated is to be expected, which could improve plant fitness during drought (DaMatta et al. 2010) , although the predicted increase in air temperatures might offset such beneficial CO 2 effect on water losses.
Given that photosynthetic performance improved under elevated [CO 2 ], the amount of carbon available for allocation to growth (and crop yield) is expected to increase. Notably, no treatment differences were found in growth parameters in 1-year old plants, but growth stimulation, as indicated by increased height and stem diameter, was clearly evident in the second year of CO 2 fertilization regardless of cultivar. In their review, Ainsworth and Long (2005) reported that stimulation of height of woody plants with increasing atmospheric [CO 2 ] is lower in the first 2 years of CO 2 fertilization, which is in line with our results. Furthermore, the increased crop yield was associated with an increased number of fruits per branch, with no differences in fruit weight (data not shown). This implies that the greater sink demand could be sustained by the greater source activity through increased A per unit leaf area.
Leaf N content was within an expected range for coffee (Malavolta et al. 1997) , implying that no apparent N deficiency was observed in this study. However, CO 2 fertilization led to reductions in leaf N content in cv. Catuaí, but not in cv. Obatã. Although decreased N concentration under elevated [CO 2 ] is the norm (Ainsworth and Long 2005) , it is not a universal response. Indeed, our results are in line with those reported by Martins et al. (2014b) , who assessed leaf N concentrations in coffee plants grown in large pots at high (700 μmol mol The incidence of leaf miner, one of the main pests affecting the coffee crop in Brazil, was high only in the second year, when weather conditions, i.e., high temperatures, low relative humidity and irregular distribution of rainfall with prolonged dry periods (Appendix 1), were favorable to leaf miner. The infestation curve of leaf miner, characterized by two peaks (February-April and July), was similar to that observed in other Brazilian coffee-producing zones under favorable conditions for pest development (Parra et al. 1981) . Whereas leaf miner incidence was slightly higher under elevated [CO 2 ] in Catuaí in the first 2013 peak, elevated [CO 2 ] was ultimately associated with reduced leaf miner incidence at the second and highest peak, regardless of the cultivar. Such a decrease, however, was unrelated to changes in parasitoid and predator incidence (Fig. 3) . Notably, even with similar infestations in both varieties, mines parasitism in cv Obatã was higher than in cv Catuaí in July 2013. Plants use indirect defenses against herbivore attacks by producing volatiles, and these chemical signals may vary among plant species (Fürstenberg-Hägg et al. 2013 ). This might in part explain the largest foraging parasitoids on cv Obatã. This point deserves further investigation.
The principal component analysis demonstrated that both cultivars had fewer leaves and a higher incidence of leaf miners under elevated [CO 2 ] (Fig. 4) . The negative correlation between these parameters can be explained by the higher leaf fall in most infected plants. The opposite was observed in plants of Catuaí and Obatã under ambient [CO 2 ], in which leaf miner incidence did not differ regardless of the [CO 2 ] treatments.
The low incidence of rust and Cercospora leaf spot may be primarily associated with unfavorable environmental conditions (high temperature and drought) but also with the efficiency of the fungicides that were applied. We chose not to restrict fungicide applications because there would otherwise be a high risk of severe disease epidemics, which would obviously affect the evaluation of other parameters.
High amounts of yeasts and the filamentous fungi Fusarium, Cladosporium, Penicillium, and Mucor were detected in grains of both cultivars (Table 2) . These fungi are quite common in coffee grains (Silva et al. 2000) . Chalfoun et al. (1999) also detected high amounts of Fusarium roseum, Penicillium, Aspergillus niger and Aspergillus ochraceus in coffee grains, but only small amounts of Cladosporium cladosporiodes. High amounts of yeasts are expected in recently harvested coffee berries. These yeasts are involved in the fermentation processes that often occur over the course of grain drying (Silva et al. 2000) .
Currently, there are great concerns about the possible impacts of climate change on mycotoxin contamination in coffee berries. This is of great importance in terms of consumer health and economic losses (Paterson et al. 2014) . Our data provide the first evidence that the fungal community associated with mycotoxins may not be affected by the [CO 2 ] treatments. However, care must be exercised when analyzing these data. They represent the first harvest, and the elapsed time under elevated [CO 2 ] might not have been sufficiently long to affect the population of fungi. In any case, in other pathosystems, fungi have tended to be less affected by enhanced atmospheric [CO 2 ] than have the plant hosts (Chakraborty and Datta 2003) . Vaughan et al. (2014) , for example, found that maize plants grown in elevated [CO 2 ] became more susceptible to Fusarium verticilioides, but the production of mycotoxins was unaffected by [CO 2 ].
Realistic plantation conditions were used to demonstrate that elevated [CO 2 ] stimulates photosynthesis, growth and crop yield in the coffee tree, suggesting that is a suitable crop under elevated [CO 2 ]; additionally, leaf miner incidence is reduced during the expected high infestation period. Given the multiplicative nature of growth, CO 2 fertilization is expected to stimulate more branches and nodes for anchoring more fruits over time, which, in parallel with the upregulation of photosynthesis, may potentially enhance crop yield in future harvests. The present study will continue so unequivocal answers can be provided in the longer term as to how elevated [CO 2 ] could affect coffee growth and production and how the crop will be affected by pest and disease occurrence under climate change scenarios.
